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A  method  for  preparing  cells  enriched  in  plasmid  DNA,  or 

expression  products  thereof,  substantially  free  of 
chromosomal  DNA  comprises: 

(a)  providing  a  plasmid  DNA-containing  organism,  and 
(b)  exposing  the  organism  to  an  effective  dose  of  ionz- 

ing  radiation. 



T h i s   i n v e n t i o n   r e l a t e s   to   a  m e t h o d   f o r   t h e   p r e p a r a -  

t i o n   of   p l a s m i d   DNA  and  i t s   p r o d u c t s .  

P l a s m i d   DNA  is   an  i m p o r t a n t   t o o l   i n ,   f o r   e x a m p l e ,  

t h e   r e c o m b i n a n t   g e n e t i c   m a n i p u l a t i o n   of  m i c r o o r g a n i s m s ,   in  w h i c h  

t h e   o b j e c t i v e   i s   to   i n t r o d u c e   i n t o   a  c e l l ,   ' f o r e i g n '   g e n e t i c  

m a t e r i a l   (DNA)  t he   e x p r e s s i o n   of   w h i c h   e n a b l e s   t h a t   c e l l   t o  

p r o d u c e   s u b s t a n c e s ,   f o r   e x a m p l e ,   b i o l o g i c a l l y   a c t i v e   m o l e c u l e s ,  

w h e t h e r   h a v i n g   e n z y m a t i c ,  a n t i g e n i c , a n t i b i o t i c , h o r m o n a l , a n t i v i r a l , o r  

h a v i n g   any  o t h e r   p h y s i o l o g i c a l   or  b i o l o g i c a l   a c t i v i t y ,   w h i c h   t h e  

c e l l   in  i t s   ' n a t u r a l ' ,   i . e .   u n m o d i f i e d   s t a t e ,   i s   u n a b l e   t o  

p r o d u c e .  

T h u s ,   when  a  p l a s m i d   i s   p l a c e d   w i t h i n   a  u n i c e l l u l a r  

o r g a n i s m ,   t h e   c h a r a c t e r i s t i c s   of  t h a t   o r g a n i s m   may  be  c h a n g e d  

or  t r a n s f o r m e d   as  a  r e s u l t   of   t h e   DNA  of   t he   p l a s m i d .   F o r  

e x a m p l e ,   a  p l a s m i d   c a r r y i n g   t h e   gene   f o r   t e t r a c y c l i n e  

r e s i s t a n c e   (TetR)   t r a n s f o r m s   a  c e l l   p r e v i o u s l y   s e n s i t i v e   t o  

t e t r a c y c l i n e   i n t o   one  w h i c h   i s   r e s i s t a n t   to   i t .  

In  b i o t e c h n o l o g i c a l   p r o c e s s e s   i n v o l v i n g   p l a s m i d   DNA, 

and  t h e   e x p r e s s i o n   p r o d u c t s   t h e r e o f ,   i n d u s t r i a l   s c a l e   p r o d u c -  

t i o n   i s   l i m i t e d   by  t h e   s m a l l   a m o u n t   of   p l a s m i d   DNA,  as  c o m p a r e d  

w i t h   c h r o m o s o m a l   DNA  in  a  s e l e c t e d   c e l l .   For   e x a m p l e   w h e r e  

t h e   p l a s m i d   c a r r i e s   c l o n e d   g e n e s   of   c o m m e r c i a l   i n t e r e s t ,   t h e  

a m o u n t   o f   p r o d u c t   i s   c h i e f l y   d e t e r m i n e d   by  t h e   n u m b e r   o f  

c o p i e s   of   t h e   gene   or  g e n e s   in  b o t h   DNA  and  RNA  f o r m s   w h i c h   a r e  

a v a i l a b l e   in  t he   s y s t e m .   The  e f f i c i e n c y   of  t h e   p r o c e s s   i s  

u l t i m a t e l y   d e p e n d a n t   on  t h e   p r o p o r t i o n   of  a d d e d   n u t r i e n t s / r a w  

m a t e r i a l s ,   w h i c h   must   be  c o n s u m e d   to   s u s t a i n   g r o w t h   of   t h e  

p r o d u c e r   o r g a n i s m   r a t h e r   t h a n   go  to   make  up  t h e   p r o d u c t  

i t s e l f .   A c c o r d i n g l y   in  t he   p r i o r   a r t   a t t e m p t s   h a v e   b e e n   m a d e  

to  s e p a r a t e   p l a s m i d   and  c h r o m o s o m a l   DNAs  and  to   g e n e r a t e   c e l l s  



c o n t a i n i n g   o n l y   p l a s m i d   DNA. 

As  u s e d   h e r e i n   in   t h e   s p e c i f i c a t i o n   and  c l a i m s ,   a  

p l a s m i d   i s   d e f i n e d   as  any   s m a l l   a m p l i f i a b l e   r i n g   o f   DNA 

f o u n d   in   any  k i n d   of   c e l l   w h e t h e r   of   p l a n t ,   f u n g a l   or   m i c r o b i a l  

o r i g i n .  

P l a s m i d   and  c h r o m o s o m a l   DNAs  h a v e   c o n v e n t i o n a l l y  

b e e n   s e p a r a t e d   on  c e s i u m   c h l o r i d e   (CsCl )   g r a d i e n t s   b y  

e x p l o i t i n g   t h e   d i f f e r e n c e s   in   b u o y a n t  d e n s i t y   b e t w e e n   t h e  

e t h i d i u m   b r o m i d e - s a t u r a t e d ,   c l o s e d - c i r c u l a r   p l a s m i d s   a n d  

l i n e a r   c h r o m o s o m a l   f r a g m e n t s .   T h i s   i s   a  t i m e - c o n s u m i n g  

m e t h o d ,   w h i c h   i s   e x p e n s i v e   in   b o t h   m a t e r i a l s   and  e q u i p m e n t .  

W h i l e   a  n u m b e r   o f   r a p i d   t e c h n i q u e s   f o r   t h e   e x t r a c t i o n   o f  

p l a s m i d   DNA  h a v e   b e e n   d e v e l o p e d ,   f ew ,   i f   a n y ,   c o n s i s t e n t l y  

p r o d u c e   c h r o m o s o m e - f r e e   p l a s m i d   DNA,  a l t h o u g h   t h e y   d o  

g r e a t l y   r e d u c e   t h e   p r o p o r t i o n   of   c h r o m o s o m a l   m a t e r i a l   i n  

t h e   p r e p a r a t i o n .  

One  s o l u t i o n   to   t h i s   p r o b l e m   i s   to   p r o p a g a t e   p l a s m i d s  

in   c e l l s   in   w h i c h   c h r o m o s o m a l   DNA  h a s   b e e n   d e g r a d e d .   UV 

i r r a d i a t i o n   o f  u v r A  p h r  c e l l s   has   b e e n   f o u n d   to   i n a c t i v a t e  

c h r o m o s o m a l   DNA  w i t h o u t   i m p a i r i n g   t h e   a b i l i t y   of   t h e s e   c e l l s  

to   s u p p o r t   t h e   a m p l i f i c a t i o n   of  s m a l l   p l a s m i d s   [ S a n c a r ,   A . ,  

H a c k ,   A.M.  and  W.D.  Rupp ,   ( 1 9 7 9 ) ,   " S i m p l e   m e t h o d   f o r  

i d e n t i f i c a t i o n   o f   p l a s m i d - c o d e d   p r o t e i n s . " ,   J .   B a c t e r i o l .   1 3 7 :  

6 9 2 - 6 9 3 ] .   C h r o m o s o m a l   DNA  in   t h e s e   e x c i s i o n - d e f i c i e n t   ' m a x i -  

c e l l s '   i s   d e g r a d e d ,   m o s t   p r o b a b l y   b e c a u s e   t h e   g a p s   l e f t  

o p p o s i t e   d i m e r s   d u r i n g   r e p l i c a t i o n   a c t   as  t a r g e t s   f o r   t h e  

r e c B / r e c C   n u c l e a s e   [ C l a r k ,   A . J . ,   ( 1 9 7 3 ) ,   " R e c o m b i n a t i o n  

d e f i c i e n t   m u t a n t s   of   E.  c o l i   and  o t h e r   b a c t e r i a . " ,   A n n u a l  

R e v i e w   o f   G e n e t i c s   7:  6 7 - 8 6 . ] .  

H o w e v e r ,   t h e   U V / m a x i c e l l   t e c h n i q u e   s u f f e r s   f r o m  



t h r e e   m a i n   d i s a d v a n t a g e s   f o r   r o u t i n e   u s e .   F i r s t l y ,   i t   i s  

n e c e s s a r y   e i t h e r   to  i n t r o d u c e   a  p h r  m u t a t i o n   i n t o   t h e  

s t r a i n ( s )   of  i n t e r e s t ,   or  to   work  in  t h e   d a r k   (a  m u t a t i o n   i n  

t h e   p h r   gene   s h o u l d   s e r v e   to   e l i m i n a t e   p h o t o r e a c t i v a t i o n ) .  

S e c o n d l y ,   even   f o r   work  in  t h e   d a r k ,   o p t i m a l   use   of   t h e  

t e c h n i q u e   n o r m a l l y   r e q u i r e s   t h e   c o n s t r u c t i o n   of  a  d o u b l e  

m u t a n t   ( u v r   r ecA)   of  e a c h   p l a s m i d - c o n t a i n i n g   s t r a i n   w h i c h   i s  

t o   be  u s e d ,   or  e l s e   t r a n s f o r m a t i o n   of  t h e   p l a s m i d   of  i n t e r e s t  

i n t o   s u c h   a  d o u b l e   m u t a n t .   T h i r d l y ,   t h e   c e l l s   m u s t   n o r m a l l y  

be  e x p o s e d   to   t h e   UV  s o u r c e   as  a  t h i n   f i l m   in  o r d e r   t o  

m a x i m i s e   t he   c h a n c e s   of  e v e r y   c e l l   r e c e i v i n g   a  l e t h a l   d o s e  

of   r a d i a t i o n .   T h i s   r e q u i r e m e n t   g e n e r a t e s   h a n d l i n g   d i f f i c u l t i e s  

and   l o w e r s   t h e   v o l u m e   of  c u l t u r e   w h i c h   c an   be  p r o c e s s e d   in  a n y  

one  e x p e r i m e n t s .  

A c c o r d i n g l y ,   i t   i s   an  o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n  

to   o v e r c o m e ,   or  a t   l e a s t   a l l e v i a t e   some  of   t h e   d i f f i c u l t i e s  

r e l a t e d   to   t h e   p r i o r   a r t .  

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   t h e r e   i s  

p r o v i d e d   a  m e t h o d   of  p r e p a r i n g   c e l l s   e n r i c h e d   in   p l a s m i d   DNA, 

and  e x p r e s s i o n   p r o d u c t s   t h e r e o f ,   s u b s t a n t i a l l y   f r e e  o f  

c h r o m o s o m a l   DNA,  w h i c h   m e t h o d   c o m p r i s e s  

(a)  p r o v i d i n g   a  p l a s m i d   D N A - c o n t a i n i n g   o r g a n i s m  

a n d  

(b)  e x p o s i n g   t h e   o r g a n i s m   to  an  e f f e c t i v e   d o s e  

of  i o n i z i n g   r a d i a t i o n .  

The  t r e a t m e n t   may  be  such   t h a t   n o n - d i v i d i n g   c e l l s   w h i c h   c a n  

s u s t a i n   t h e   m u l t i p l i c a t i o n   of  p l a s m i d s   a r e   p r o d u c e d .  

The  p l a s m i d   D N A - c o n t a i n i n g   o r g a n i s m s   may  be  s e l e c t e d  

f r o m   m i c r o - o r g a n i s m s , '   f u n g i ,   p l a n t   and  a n i m a l   c e l l s .  

The  c e l l s   may  be  p r e s e n t   in  a  p a c k e d   c e l l   form  a l t h o u g h   a  



l i q u i d   c u l t u r e   may  be  u s e d .   The  m i c r o - o r g a n i s m s   may  b e  

b a c t e r i a   c e l l s .   The  b a c t e r i a   c e l l s   may  be  s e l e c t e d   f rom  E .  

c o l i ,   B a c i l l u s   or   P s e u d o m o n a s   sp  o r   S t r e p t o c o c c i .   R e p a i r  

a n d / o r   r e c o m b i n a t i o n - d e f i c i e n t   b a c t e r i a l   c e l l s ,   i . e .   c e l l s  

g e n e t i c a l l y   d e f i c i e n t   i n   t h e i r   a b i l i t y   to   u n d e r t a k e   r e p a i r /  

r e c o m b i n a t i o n   p r o c e s s e s   a r e   p r e f e r r e d .   P a r t i c u l a r l y   p r e f e r r e d  

a r e   r e c A   m u t a n t s   of   E.  c o l i   and  r e c - t y p e   m u t a n t s   of   B a c i l l u s ,  

P s e u d o m o n a s   and   S t r e p t o c o c c u s .  

The  i n v e n t i o n   a l s o   e n c o m p a s s e s   m e t h o d s o f   d a m a g i n g  

or   i n a c t i v a t i n g   t h e   c e l l ' s   r e p a i r / r e c o m b i n a t i o n   s y s t e m s   b y  

t r e a t m e n t   o f   t h e   t a r g e t   c e l l s   w i t h   c h e m i c a l   a g e n t s   b e f o r e ,  

d u r i n g   o r   a f t e r   t h e   g a m m a - i r r a d i a t i o n .   T h i s   w o u l d   e n a b l e   t h e  

t e c h n i q u e   t o   be  a p p l i e d   t o   any   k i n d   of   c e l l   i n   t h e   a b s e n c e  

of   i n d u c e d   g e n e t i c   l e s i o n s .  

The  i o n i z i n g   r a d i a t i o n   u t i l i s e d   i n   s t e p   (b )   of   t h e  

m e t h o d   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   may  t a k e   t h e   f o r m  

of   x - r a y s   o r   gamma  r a y s .   The  i o n i z i n g   r a d i a t i o n   a p p a r e n t l y  

g e n e r a t e s   g a p s   d i r e c t l y   i n   t h e   DNA  of   i r r a d i a t e d   r e c A   c e l l s  

and   h e n c e   r e n d e r s   t h a t   DNA  h i g h l y   s u s c e p t i b l e   t o   r e c B / r e c C  

n u c l e a s e   a t t a c k ,   e q u i v a l e n t   to   w h a t   h a s   b e e n   r e p o r t e d   i n  

r e s p e c t   o f   b o t h   Uvr+  and   u v r   s t r a i n s   o f  E .   c o l i   ( C l a r k ,   A . J . ,  

C h a m b e r l a i n ,   M. ,   B o y c e ,   R . P .   and  H o w a r d - F l a n d e r s ,   P . ,   ( 1 9 7 7 ) ,  

" A b n o r m a l   m e t a b o l i c   r e s p o n s e   to   u l t r a v i o l e t   l i g h t   of   a  

r e c o m b i n a t i o n - d e f i c i e n t   m u t a n t   of   E s c h e r i c h i a   c o l i   K 1 2 . " ,  

J .   Mo l .   B i o l .   19:   4 4 2 - 4 5 4 ;   and  K a p p ,   D.  S.  and   S m i t h   K . C . ,  

( 1 9 7 0 ) ,   " R e p a i r   o f   r a d i a t i o n - i n d u c e d   d a m a g e   i n   E s c h e r i c h i a  

c o l i . " ,   J .   B a c t .   1 0 3 ( 1 ) :   4 9 - 5 4 . ) .  

The  i o n i z i n g   r a d i a t i o n   i s   p r e f e r a b l y   gamma  r a d i a t i o n .  

The  gamma  r a d i a t i o n   s o u r c e   may  be  a  c o b a l t   60  s o u r c e .   T h e  

r a d i a t i o n   d o s a g e   may  be  s u f f i c i e n t   to   e l i m i n a t e   s u b s t a n t i a l l y  

a l l   c h r o m o s o m a l   m a t e r i a l   f r o m   t h e   DNA  p r e p a r a -  



t i o n s .   D o s e s   of  b e t w e e n   a p p r o x i m a t e l y   0 .1   to  0 . 2 5   kgy  a r e  

p r e f e r r e d .   For   e x a m p l e   0 .2   kgy  of   gamma  i r r a d i a t i o n   may  b e  

u s e d .  

In  a  p r e f e r r e d   a s p e c t   of   t h e   p r e s e n t   i n v e n t i o n  

t h e r e   i s   p r o v i d e d   a  m e t h o d   of  p r e p a r i n g   p l a s m i d   DNA  s u b s t a n -  

t i a l l y   f r e e   of   c h r o m o s o m a l   DNA  w h i c h   m e t h o d   c o m p r i s e s  

(a)  p r o v i d i n g   a  r e c A   s t r a i n   of  b a c t e r i a ,   a n d  

(b)  e x p o s i n g   t h e   r e c A   b a c t e r i a   to   a p p r o x i m a t e l y  

0 .1   to   0 . 2 5   kgy  of   g a m m a - i r r a d i a t i o n .  

In  a c c o r d a n c e   w i t h   a  f u r t h e r   a s p e c t   of  t h e   p r e s e n t  

i n v e n t i o n   t h e   m e t h o d s   of  p r e p a r i n g   p l a s m i d   DNA  may  f u r t h e r  

c o m p r i s e  

( a ' )   s u b j e c t i n g   t h e   r e c A   b a c t e r i a   to   a  p l a s m i d  

y i e l d - i n c r e a s i n g   t r e a t m e n t   p r i o r   t o  

i r r a d i a t i o n .   The  p l a s m i d   y i e l d   i n c r e a s i n g  

t r e a t m e n t   may  c o m p r i s e   t r e a t i n g   t h e  

b a c t e r i a   w i t h   an  a n t i b i o t i c   or  a n t i b i o t i c s .  

A n t i b i o t i c s   may  be  u s e d   to   e n h a n c e   t h e   copy   n u m b e r   of  t h e  

p l a s m i d .   The  a n t i b i o t i c   may  be  s e l e c t e d   f rom  s p e c t i n o m y c i n  

and  t h e   l i k e   and  m i x t u r e s   t h e r e o f .  

In  a  s t i l l   f u r t h e r   p r e f e r r e d   a s p e c t . o f   t he   p r e s e n t  

i n v e n t i o n   t h e r e   i s   p r o v i d e d   a  m e t h o d   f o r   s y n t h e s i s i n g  

e x p r e s s i o n   p r o d u c t s   of  p l a s m i d   DNA  w h i c h   m e t h o d   c o m p r i s e s  

(a)  p r o v i d i n g  

(i)  a  DNA  f r a g m e n t   e n c o d i n g   d e s i r a b l e  

c h a r a c t e r i s t i c s ,   a n d  

( i i )   an  o r g a n i s m   c o n t a i n i n g   a  p l a s m i d ,  

(b)  c l o n i n g   t h e   DNA  f r a g m e n t   i n t o   t h e   p l a s m i d ,  

(c)  t r a n s f o r m i n g   or  t r a n s f e c t i n g   a  s u i t a b l e  

r e c i p i e n t   o r g a n i s m   w i t h   t h e   r e c o m b i n a n t  



p l a s m i d ,  

(d)  e x p o s i n g   t h e   o r g a n i s m   c o n t a i n i n g   t h e   p l a s m i d  

to   an  e f f e c t i v e   d o s e   of  i o n i z i n g   r a d i a t i o n  

s u c h   t h a t   n o n - d i v i d i n g   c e l l s   w h i c h   a r e  

s u b s t a n t i a l l y   f r e e   o f   c h r o m o s o m a l   DNA  a n d  

can   s u s t a i n   t h e   m u l t i p l i c a t i o n   of   p l a s m i d s  

a r e   p r o d u c e d ,   a n d  

(e)  m a i n t a i n i n g   t h e   p r o c e s s e d   c e l l s   in   a  

s u i t a b l e   n u t r i e n t   m e d i u m .  

P r e f e r a b l y   t h e   m e t h o d   f u r t h e r   c o m p r i s e s   a f t e r   t h e  

t r a n s f o r m a t i o n   s t e p   ( c )  

( c ' )   g r o w i n g   t h e   c e l l s   t o   a  d e s i r e d   c o n c e n t r a t i o n .  

The   e x p r e s s i o n   p r o d u c t s   p r o d u c e d   t h e r e b y   may  i n c l u d e   RNA 

a n d   e x p r e s s e d   p r o t e i n s .   The  p r o d u c t s   may  be  s u i t a b l e   f o r  

u s e   as   e n z y m e s ,   a n t i b i o t i c s ,   a n t i v i r a l s ,   h o r m o n a l   t r e a t m e n t s  

and   t h e   l i k e .  

In  a  p a r t i c u l a r l y   p r e f e r r e d   f o rm  t h e   i r r a d i a t i o n   s t e p  

(d)  and   m a i n t e n a n c e   s t e p   (e)  may  be  u n d e r t a k e n   in  a  p a c k e d  

c e l l   f o r m ,   e . g .   i m m o b i l i s e d   c e l l   s y s t e m   a l t h o u g h   a  l i q u i d  

c u l t u r e   f o r m   may  be  u s e d .   I t   w i l l   be  u n d e r s t o o d   t h a t   a n  

a d v a n t a g e   of   t h e   u se   of   i o n i z i n g   r a d i a t i o n   i s   t h a t   t h e  

p e n e t r a t i n g   a b i l i t y   t h e r e o f   a l l o w s   s i g n i f i c a n t   v o l u m e s   o f  

p a c k e d   c e l l s   r a t h e r   t h a n   l i q u i d   c u l t u r e s   t o   be  t r e a t e d   f o r  

p l a s m i d   a m p l i f i c a t i o n   e x p r e s s i o n .   T h i s   w i l l   p r o v i d e   a  f u r t h e r  

s u b s t a n t i a l   s c a l e - u p   f a c t o r   in   t h e   a m o u n t   o f   p r o d u c t   p r o d u c e d .  

I t   w i l l   t h u s   be  u n d e r s t o o d   t h a t   t h e   m e t h o d  

a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   a l l o w s   f o r   t h e   p r e p a r a t i o n  

o f   p l a s m i d   DNA  and  t h e   e n c o d e d   p r o d u c t s   o f   t h a t   p l a s m i d  

DNA  e s s e n t i a l l y   by  d e s t r o y i n g   t h e   c e l l   c h r o m o s o m e s   of  s e l e c t e d  

c e l l s   w i t h   i o n i s i n g   r a d i a t i o n   w h e r e b y   t h o s e   c e l l s   a r e  



e n r i c h e d   in   p l a s m i d   DNA  and  c o n s e q u e n t l y   in   t h e   p r o d u c t s  

of   t h a t   DNA. 

The  m e t h o d   a l s o   t h u s   a l l o w s   t h e   p r o d u c t i o n ,  

on  an  i n d u s t r i a l   s c a l e ,   of  c e l l s   c o n t a i n i n g   o n l y   p l a s m i d  

DNAs  t o g e t h e r   w i t h   any  f o r e i g n   g e n e s   w h a t s o e v e r   t h a t   may  h a v e  

b e e n   c l o n e d   i n t o   t h e s e   p l a s m i d   DNAs.  The  a b i l i t y   of   t h e  

p r o c e s s e d   c e l l s   to   p r o d u c e   p l a s m i d   e n c o d e d   p r o t e i n s   f rom  a n y  

s o u r c e   w h a t s o e v e r   i s   t h u s   s u b s t a n t i a l l y   i m p r o v e d .  

We  have   t h u s   f o u n d   t h a t   i o n i z e d   i r r a d i a t i o n   t r e a t e d   r e c A  

b a c t e r i a l  c e l l s ,   e x e m p l i f i e d   by  g a m m a - i r r a d i a t e d   r e c A   b a c t e r i a ,  

a r e   e f f i c i e n t   p r o d u c e r s   of   u n d a m a g e d   p l a s m i d   DNA  u n d e r  

c o n d i t i o n s   a t   w h i c h   a t   m o s t   o n l y   t r a c e   a m o u n t s   o f  

c h r o m o s o m a l   D N A - r e m a i n   u n d e g r a d e d .   The  g a m m a - i r r a d i a t i o n  

t e c h n i q u e   has   a  n u m b e r   of  a d v a n t a g e s   o v e r   o t h e r   m e t h o d s   f o r  

p r e p a r i n g   s u b s t a n t i a l l y   p u r e   p l a s m i d   DNA,  as  f o l l o w s :   (1)  

t h e r e   i s   l i t t l e ,   i f   a n y ,   c o n t a m i n a t i o n   of  DNA  p r e p a r a t i o n   b y  

c h r o m o s o m a l   DNA  o w i n g   to   e x t e n s i v e   d e g r a d a t i o n   of  t h e  

i r r a d i a t e d   DNA  by  e n d o g e n o u s   n u c l e a s e s ;   (2)  t h e r e   i s   no  n e e d  

to   i n t r o d u c e   a  uv r   m u t a t i o n   to   t h e   h o s t   b a c t e r i a ,   w h e r e a s  

t h e r e   i s   when  UV  i s   u s e d   t o   i n a c t i v a t e   t h e   c h r o m o s o m e ;   (3 )  

t h e   m e t h o d   i s   e x t r e m e l y   s i m p l e   to  work  w i t h ,   s i n c e   o p e r a t i o n s  

a r e   n o t   l i m i t e d   by  c o n s i d e r a t i o n s   of  v o l u m e   and  c e l l   d e n s i t y ;  

and  (4)  t h e r e   i s   no  n e e d   to   t r a n s f e r   m a t e r i a l   f r om  c o n t a i n e r  

to   c o n t a i n e r .   A l s o ,   y i e l d s   of  p l a s m i d   DNA  o b t a i n e d   by  t h e  

g a m m a - i r r a d i a t i o n   t e c h n i q u e   c o m p a r e   f a v o u r a b l y   w i t h   t h o s e  

o b t a i n e d   by  o t h e r   m e t h o d s .  

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  more   f u l l y  

d e s c r i b e d   w i t h   r e f e r e n c e   t o  t h e   a c c o m p a n y i n g   d r a w i n g s   a n d  

e x a m p l e s .   I t   s h o u l d   be  u n d e r s t o o d ,   h o w e v e r ,   t h a t   t h e   m a t t e r  

f o l l o w i n g   is   i l l u s t r a t i v e   o n l y   and  s h o u l d   n o t   be  t a k e n   in  a n y  



way  as  a  r e s t r i c t i o n   on  t h e   g e n e r a l i t y   of  t h e   d e s c r i p t i o n   a b o v e .  

F i g u r e   1  o f   t h e   a c c o m p a n y i n g   d r a w i n g s   i l l u s t r a t e s  

e l e c t r o p h o r e s i s   of   u n d i g e s t e d   p l a s m i d   DNA  f rom  g a m m a -  

i r r a d i a t e d   c e l l s .   T r a c k s   ( 1 ) ,   (2)  and  (3)  a r e   p B R 3 2 2  

c o n t a i n i n g   f r a g m e n t s   of   t r a n s p o s o n   DNA  r a n g i n g   in   s i z e   f r o m  

5 . 1   kb  (1)  and  4 . 3   kb  ( 2 ) ,   to   2 .0   kb  (3)  c l o n e d   in   t h e   H i n d  

I I I   s i t e .   A l l   w e r e   e x t r a c t e d   f r o m   E.  c o l i   DG1210.   T r a c k   ( 3 )  

i s   pBR325  e x t r a c t e d   f r o m   E.  c o l i   HB101.   L - l i n e a r   DNA;  C C C -  

c o v a l e n t l y   c l o s e d   c i r c u l a r   DNA;  O C - o p e n   c i r c u l a r   DNA.  A r r o w s  

a p p l y   to   T r a c k   (1)  o n l y .  

F i g u r e   2  of   t h e   a c c o m p a n y i n g   d r a w i n g s   g r a p h i c a l l y  

i l l u s t r a t e s   t h e   r e s t r i c t i o n   d i g e s t s   of  p l a s m i d s   f rom  g a m m a -  

i r r a d i a t e d   c e l l s ,   w i t h   t h e   f o l l o w i n g   e x p l a n a t i o n s :   T r a c k   ( 1 )  

and   (7)  λ c 1 8 5 7   H i n d   I I I   p l u s   DX174  Hae  I I I ;   (2)  p B R 3 2 5 : T N 3 4 0 5  

Eco  RI ,   P s t ;   (3)  P s t   I ,   H i n d   I I I ;   (4)  P s t   1;  (5)  Eco  R l ,  

H i n d   I I I ;   (6)  Eco  R l .   P l a s m i d   DNA  e x t r a c t e d   f rom  E.  c o l i  

H B 1 0 1 .  

In  t h e   e x a m p l e s   s e t   o u t   b e l o w   r e f e r e n c e   i s   made   t o  

b a c t e r i a l   s t r a i n s   and   p l a s m i d s   s p e c i f i e d   as  f o l l o w s :  



EXAMPLE 

1  ml  s a m p l e s   of  o v e r n i g h t   c u l t u r e s   of   p l a s m i d ,  

c a r r y i n g   d e r i v a t i v e s   of  E.  c o l i   r e c A   s t r a i n s   ( e i t h e r   HB101  o r  

D G 1 2 1 0 ,   T a b l e   1  a b o v e ) ,   we re   i n o c u l a t e d   i n t o   10  ml  a l i q u o t s  

of   n u t r i e n t   b r o t h   c o n t a i n i n g   a m p i c i l l i n   (100  µ g ) ,   t h e  

a m p i c i l l i n   b e i n g   added   to   e n s u r e   m a i n t e n a n c e   of  p l a s m i d s .  

A f t e r   s h a k i n g   f o r   3  hr  a t   37°C,   s p e c t i n o m y c i n   was  a d d e d   to  a  

f i n a l   c o n c e n t r a t i o n   of  100  p g / m l .   The  c u l t u r e   was  t h e n  

r e t u r n e d   to   t h e   s h a k e r   f o r   a  f u r t h e r   3  h.  In  t h i s   c o n t e x t ,  

b e c a u s e   i t   i n c r e a s e s   p l a s m i d   y i e l d ,   t h e   a d d i t i o n   of  s p e c t i n o -  

m y c i n   p r o v i d e s   t he   a d v a n t a g e s   of  i n c r e a s i n g   t h e   p r o b a b i l i t y  

t h a t   a t   l e a s t   one  u n d a m a g e d   ( s m a l l )   p l a s m i d   w i l l   s u r v i v e   t h e  

g a m m a - i r r a d i a t i o n .   A  f u r t h e r   a d v a n t a g e   i s   t h a t ,   s h o u l d   a  c e l l  

w i t h   an  i n t a c t   c h r o m o s o m e   s u r v i v e   t h e   r a d i a t i o n   t r e a t m e n t ,  

i t   i s   u n l i k e l y   to  m u l t i p l y   i f   p r o t e i n   s y n t h e s i s   i s   i n h i b i t e d .  

The  c u l t u r e   was  t h e n   e x p o s e d   to   a  6 0 C o - γ   s o u r c e  

( d o s e   a p p r o x i m a t e l y   0 . 4 5   k G y / h o u r )   f o r   30  min  and   r e t u r n e d   t o  

t h e   s h a k e r   f o r   1  h  w h e r e u p o n   2  ml  of   n u t r i e n t   b r o t h   c o n t a i n i n g  

c y c l o s e r i n e   was  added   to  g i v e   a  f i n a l   c y c l o s e r i n e   c o n c e n t r a t i o n  

of   100  µ g / m l .   C y c l o s e r i n e   c a u s e s   g r o w i n g   c e l l s   to   l y s e ,   w h i l e  



t h e   e x t r a   b r o t h   e n r i c h e s   t h e   d e p l e t e d   m e d i u m ,   e n c o u r a g i n g  

f u r t h e r   g r o w t h .   The  c u l t u r e   was  l e f t   on  t h e   s h a k e r   a t   3 7 ° C  

o v e r n i g h t .   The  n e x t   m o r n i n g ,   p l a s m i d   DNA  was  e x t r a c t e d   by  t h e  

r a p i d   t e c h n i q u e   of   C u r r i e r   and  N e s t e r   [ C u r r i e r ,   T . C .   and  E . W .  

N e s t e r ,   ( 1 9 7 6 ) ,   " I s o l a t i o n   of   c o v a l e n t l y   c l o s e d   DNA  of   h i g h  

m o l e c u l a r   w e i g h t   f rom  b a c t e r i a . " ,   A n a l .   B i o c h e m .   76:  4 3 1 -  

4 4 1 . ] .   C e l l s   f r o m   t h e   12  ml  c u l t u r e   w e r e   p e l l e t e d   in   a  b e n c h  

c e n t r i f u g e ,   t h e n   w a s h e d   and  r e s u s p e n d e d   in  2  ml  of  TE8  b u f f e r  

(50  mM  T R I S ,   20  mM  EDTA,  pH  8 . 0 ) .   A  f u r t h e r   c e n t r i f u g a t i o n  

and   r e s u s p e n s i o n   was  c a r r i e d   o u t ,   t h e n   a  200  µl  a l i q u o t e   o f  

p r o t e a s e   E  ( S i g m a ,   Type  XIV)  (5  m g / m l   s e l f   d i g e s t e d   f o r   1  h o u r )  

was  a d d e d ,   f o l l o w e d   by  200  µl  o f   10%  SDS.  T h i s   mix  was  l e f t  

a t   37°C  f o r   45  min  a f t e r   w h i c h   100  µl  of   2  M  NaOH  was  a d d e d .  

The  m i x t u r e   was  s t i r r e d   by  g e n t l e   i n v e r s i o n   of   15  min  t h e n  

200  µl  of   2  M  TRIS  pH  7 .0   was  a d d e d   t o   l o w e r   t h e   pH.  300  µ l  

of   5  M  NaCl   was  a l s o   a d d e d .   T h i s   s o l u t i o n   was  m i x e d   w i t h   3  m l  

p h e n o l   t h a t   had  b e e n   e q u i l i b r a t e d   w i t h   3%  NaCl  and  s t i r r e d   b y  

i n v e r s i o n   f o r   5  m in .   The  p h e n o l   was  r e m o v e d   by  10  m i n  

c e n t r i f u g a t i o n   a t   2 0 0 0 g   and  t h e   a q u e o u s   p h a s e   d r a w n   o f f .   To  

t h e   a q u e o u s   p h a s e   380  pl   of   3  M  s o d i u m   a c e t a t e   was  a d d e d  

t o g e t h e r   w i t h   500  µl  of   5  M  NaCl   and   2 . 5   v o l u m e s   of   c o l d  

e t h a n o l .   The  m i x t u r e   was  s h a k e n   and   l e f t   a t   - 2 0 ° C   f o r   a t  

l e a s t   2  h r .   The  p l a s m i d   DNA  c o u l d   t h e n   be  p e l l e t e d   in   a  b e n c h  

c e n t r i f u g e   by  c e n t r i f u g i n g   a t   2 0 0 0 g   f o r   10  min .   The  p e l l e t  

was  w a s h e d   w i t h   70%  e t h a n o l   to   r e m o v e   r e s i d u a l   p h e n o l   a n d  

r e s u s p e n d e d   in  w a t e r .  

R e s t r i c t i o n   and  o t h e r   e n z y m e s   w e r e   o b t a i n e d   f r o m  

B o e h r i n g e r   M a n n h e i m   ( A u s t r a l i a )   L t d .   and  were   u s e d   a s  

d i r e c t e d   by  t h e   m a n u f a c t u r e r .   A g a r o s e   g e l   e l e c t r o p h o r e s i s  

was   in   1%  s u b m a r i n e   g e l s ,   a t   80  v o l t s   f o r   3-5  h o u r s .  



To  a s s e s s   t h e   s u s c e p t i b i l i t y   of  t h e   t e s t   b a c t e r i a  

to   g a m m a - i r r a d i a t i o n ,   E.  c o l i   K12  s t r a i n s   DG1210,   HB101  a n d  

J 5 - 3   w e r e   i r r a d i a t e d   d u r i n g   l a t e   l og   p h a s e   w i t h   p r o g r e s s i v e  

d o s e s   of   g a m m a - r a y s   ( d o s e   r a t e ,   0 . 4 5   k G y / h ) .   As  e x p e c t e d ,  

t h e   r e c A   s t r a i n s   were   s i g n i f i c a n t l y   more  s e n s i t i v e   t h a n   t h e  

w i l d - t y p e   o r g a n i s m ,   f o r   e x a m p l e ,   a t   15  min  t h e   p e r c e n t a g e  

of   DG1210  s u r v i v o r s   was  0 .025%  of  t h a t   f o r   J 5 - 3   c e l l s .  

We  have   f o u n d   t h a t   d o s e s   of  b e t w e e n   0 . 1 - 0 . 2 5   k G y ,  

f o r   i n s t a n c e ,   0 .2   kGy  of  g a m m a - i r r a d i a t i o n   i s   s u f f i c i e n t   t o  

e l i m i n a t e   v i r t u a l l y   a l l   c h r o m o s o m a l   m a t e r i a l   f rom  DNA 

p r e p a r a t i o n s   o b t a i n e d   f rom  r e c A   c e l l s .   F i g .   1  of   t h e  

a c c o m p a n y i n g   d r a w i n g s   shows  t h a t   t h e r e   was  no  v i s i b l e   c h r o m -  

o s o m a l   b a n d   in  t h e   u n d i g e s t e d   DNA  p r e p a r a t i o n s   f r o m   t h e   g a m m a -  

i r r a d i a t e d   b a c t e r i a  -   see   T r a c k s   1 - 4 ,   and  no  c h r o m o s o m a l  

' s m e a r '   c o u l d   be  s een   in  p r e p a r a t i o n s   t r e a t e d   w i t h   r e s t r i c t i o n  

n u c l e a s e s  -   see   T r a c k s   2-6  of  F i g .   2  of  t h e   a c c o m p a n y i n g  

d r a w i n g s .   A  c o n s i d e r a b l e   a m o u n t   of   RNA  r e m a i n e d   in   t h e  

p r e p a r a t i o n s   bu t   t h i s   can   r e a d i l y   be  r e m o v e d   by  r i b o n u c l e a s e  

t r e a t m e n t .   U n l i k e   t h e   c a s e   w i t h   CsCl   g r a d i e n t s ,   t h e r e   i s   n o  

s e l e c t i o n   f o r   s u p e r c o i l e d   DNA,  so  l i n e a r   and  open   c i r c u l a r  

f o r m s   o f   p l a s m i d   DNA  may  be  p r e s e n t   in   low  q u a n t i t i e s  -   s e e  

T r a c k s   1  and  2  of   F i g .   1 .  

Both   10  ml  and  100  ml  c u l t u r e   s a m p l e s   u s e d   in  o u r  

e x p e r i m e n t s   c o n s i s t e n t l y   y i e l d e d   1  µg  of  DNA  p e r   ml  o f  

o r i g i n a l   c u l t u r e   w i t h   d e r i v a t i v e s   of   pBR325  and  p B 3 2 2 .   T h i s  

c o r r e s p o n d s   to   a  v a l u e   of   a b o u t   1  mg  p e r   l i t r e   of   c u l t u r e ,  

w h i c h   c o m p a r e s   f a v o u r a b l y   w i t h   t h e   y i e l d s   o b t a i n e d   by  t h e  

c o n v e n t i o n a l   t e c h n i q u e s .  

To  a s c e r t a i n   w h e t h e r   t h e   p l a s m i d   DNA  e x t r a c t e d   f r o m  

g a m m a - i r r a d i a t e d   recA  c e l l s   had  b e e n   u n a c c e p t a b l y   d a m a g e d   b y  



t h e   r a d i a t i o n ,   p B R 3 2 5 : T n 3 4 0 5 . D N A   was  d i g e s t e d   w i t h   a  v a r i e t y  

of   r e s t r i c t i o n   n u c l e a s e s ,   s i n g l y   and  in  c o m b i n a t i o n ,   a n d  

e l e c t r o p h e r e s e d   on  a g a r o s e   g e l s .   R e s u l t s  -   see   F i g .   2  o f  

t h e   a c c o m p a n y i n g   d r a w i n g s ,   s h o w e d   t h a t   t h e   p l a s m i d   p r o f i l e s  

w e r e   i d e n t i c a l   t o   t h o s e   o b t a i n e d   f r o m   u n i r r a d i a t e d   c e l l s  

( d a t a   n o t   s h o w n ) .   T h e s e   d a t a   i n d i c a t e   t h a t   t h e r e   w e r e   n o  

s i g n i f i c a n t   g r o s s   d e l e t i o n s ,   d u p l i c a t i o n s   or  o t h e r   s e q u e n c e  

a b e r r a t i o n s   in   e i t h e r   p l a s m i d   or   t r a n s p o s o n   DNA. 

P l a s m i d   DNA  f rom  g a m m a - i r r a d i a t e d   c e l l s   has   b e e n  

s u c c e s s f u l l y   u s e d   by   us  in   n i c k   t r a n s l a t i o n   p r e p a r a t i o n s .  

A l s o   pBR325  DNA  i s o l a t e d   f r o m   g a m m a - i r r a d i a t e d   c e l l s   h a s   b e e n  

u s e d   by  us  t o   t r a n s f o r m   HB101  c e l l s   u s i n g   a m p i c i l l i n  

s e l e c t i o n .   T r a n s f o r m a t i o n   f r e q u e n c i e s   were   s i m i l a r   t o   t h o s e  

o b t a i n e d   w i t h   DNA  made  by  c o n v e n t i o n a l   CsCl  m e t h o d s .   The  f a c t  

t h a t   t h e   p l a s m i d s   r e t a i n e d   t h e i r   o r i g i n a l   r e s i s t a n c e   p h e n o t y p e s  

i n d i c a t e s   t h a t   no  d a m a g e  t o   t h e   r e l e v a n t   g e n e s   had   o c c u r r e d .  

S i n c e   t h e   t a r g e t   s i z e   of   a  p l a s m i d   e x p o s e d   to   g a m m a -  

r a d i a t i o n   i n c r e a s e s   w i t h   t h e   m o l e c u l a r   w e i g h t   of   t h e   p l a s m i d ,  

t h e   u p p e r   s i z e   l i m i t   o f   p l a s m i d s   w h i c h   can   be  e f f i c i e n t l y  

p r o p a g a t e d   by  m e a n s   of   t h e   p r e s e n t   m e t h o d   can  be  r e a d i l y  

d e t e r m i n e d   by  t h e   s k i l l e d   p e r s o n   c o n d u c t i n g   r o u t i n e   t e s t s   f o r  

t h e   p u r p o s e .   The  l a r g e s t   r e p l i c o n   u s e d   in   our   e x p e r i m e n t s  

was  p B R 3 2 5 : T n 3 4 0 5 ,   t h e   c a l c u l a t e d   s i z e   of  w h i c h   i s   ca  1 1  

K i l o b a s e   p a i r s   o f   DNA. 

The  g a m m a - i r r a d i a t i o n   m e t h o d   of  t he   p r e s e n t  

i n v e n t i o n   w i l l   be  s e e n   to   h a v e   a  n u m b e r   of  a d v a n t a g e s   o v e r   t h e  

UV  ' m a x i c e l l '   t e c h n i q u e   of   S a n c a r   e t   a l ,   s u p r a .   T h u s ,   b e c a u s e  

o f   t h e   p e n e t r a t i n g   n a t u r e   of   g a m m a - r a y s ,   i t   i s   n o t   n e c e s s a r y  

to   i r r a d i a t e   t h e   c e l l s   in  a  t h i n   s u r f a c e   f i l m ,   as  i s   t h e   c a s e  

w i t h   t h e   UV  m e t h o d .   T h i s   m a k e s   t h e   p r e s e n t   m e t h o d   l e s s  



e x a c t i n g   to   p e r f o r m   t h a n   t he   UV  t r e a t m e n t ,   a n d ,   r e l a t e d   t o  

o u r   e x p e r i e n c e s   and  t h o s e   of  o t h e r s   w i t h   t h e   UV  m e t h o d ,   l e s s  

p r o n e   to   f a i l u r e   t h a n   i s  t h e   UV  m e t h o d .   S i g n i f i c a n t l y ,  

b e c a u s e   t h e   c e l l s   do  n o t   n e e d   to  be  i r r a d i a t e d   in   t h i n   f i l m s ,  

i t   i s   p o s s i b l e   to  u se   a l m o s t   any  v o l u m e   of  b a c t e r i a l   c u l t u r e ,  

t h e   o n l y   l i m i t i n g   f a c t o r   in   e s s e n c e   b e i n g   t h e   c a p a c i t y   of   t h e  

g a m m a - r a y   s o u r c e   to   a c c o m m o d a t e   t h e   a m o u n t   of   c u l t u r e   to   b e  

t r e a t e d .   A l s o ,   b e c a u s e   t h e   e f f e c t s   of  g a m m a - i r r a d i a t i o n   a r e  

n o t   l i m i t e d   by  c e l l   d e n s i t y ,   i t   i s   p o s s i b l e   to   e x p o s e   c e l l s  

to   g a m m a - r a d i a t i o n   in   t h e   form  of  p a c k e d   c e l l   p e l l e t s   r a t h e r  

t h a n   as  l i q u i d   c u l t u r e s .   T h i s   c o n c e n t r a t i o n   f a c t o r   w o u l d  

r a i s e   t h e   n u m b e r   of   c e l l s  w h i c h   can  c o n v e n i e n t l y   be  t r e a t e d ,  

by  s e v e r a l   o r d e r s   of   m a g n i t u d e .  

A n o t h e r   a d v a n t a g e   i s   t h e   i n h e r e n t   s i m p l i c i t y   of   t h e  

m e t h o d   i t s e l f   in  t e r m s   of  e a s e   cf  h a n d l i n g   and  o p e r a t i o n .   A l l  

t r e a t m e n t s   of   t h e   c e l l s   can  be  p e r f o r m e d   in  one  c o n t a i n e r .  

As  m o s t   c h r o m o s o m a l   DNA  has   b e e n   r e m o v e d   by  t h e   t i m e   t h e   c e l l s  

a r e   l y s e d ,   t h e r e   i s   l i t t l e   c h a n c e   of  o v e r l o a d i n g   t h e   s y s t e m  

d u r i n g   p h e n o l   e x t r a c t i o n   and  p r o d u c i n g   a  d i f f i c u l t - t o - w o r k -  

w i t h   g e l a n t i n o u s   a q u e o u s   p h a s e ,   h e n c e   a  l a r g e   n u m b e r   of  c e l l s  

can   be  l y s e d   in  a  s m a l l   v o l u m e .   A l s o ,   as  w i t h   t h e   ' m a x i - c e l l '  

t e c h n i q u e   of  S a n c a r   e t   a l ,   s u p r a ,   t h e   g a m m a - i r r a d i a t i o n  

t e c h n i q u e   can  r e a d i l y   be  u s e d   f o r   s t u d i e s   on  p l a s m i d - e n c o d e d  

RNAs  and  p r o t e i n s .  

A l t h o u g h   we  h a v e   d e m o n s t r a t e d   t h e   m e t h o d   of  t h e  

p r e s e n t   i n v e n t i o n   a b o v e ,   u s i n g   E.  c o l i   as  t h e   h o s t   f o r  

p l a s m i d s   s a i d   m e t h o d   i s   a p p l i c a b l e   to   any  s p e c i e s   of   b a c t e r i a  

in  w h i c h   r e c - t y p e   m u t a n t s   a r e   a v a i l a b l e .   A  r e c   m u t a t e d  

c e l l   i s   d e s i r a b l e   f o r   s u c c e s s f u l   o p e r a t i o n   of  t h e   p r e s e n t  

m e t h o d   b e c a u s e   w i l d - t y p e   ( n o n - m u t a n t )   c e l l s   can   o f t e n   r e p a i r  



d a m a g e   i n d u c e d   by  r a d i a t i o n ,   t h e   r e c A +   g e n e   p r o d u c t   o r  

s i m i l a r   g e n e   p r o d u c t s   b e i n g   i n v o l v e d   i n   s u c h   r e p a i r .  

H o w e v e r   t h e   t e c h n i q u e   may  be  g e n e r a l l y   a p p l i e d   to   n o n - m u t a t e d  

w i l d - t y p e   c e l l s   of   any  t y p e ,   e . g .   c o n d i t i o n s   s u c h   as  g a m m a -  

i r r a d i a t i o n   i n   t h e   p r e s e n c e   of   s u i t a b l e   c h e m i c a l s   e . g .  
B L E O M Y C I N  n i t r o f u r a n   a n t i b i o t i c s   may  be  u s e d   when   p l a s m i d s  

o n l y   a r e   p r e f e r e n t i a l l y   r e p l i c a t e d   or   e x p r e s s e d   e v e n   i n   r e c +  

c e l l s ,   o r   t o   p o l A   m u t a n t s   ( w h i c h   a l s o   d e g r a d e   t h e i r   c h r o m o -  

s o m a l   DNA  f o l l o w i n g   e x p o s u r e   t o   i o n i z i n g   r a d i a t i o n ) .  

EXAMPLE  2  

The  f o l l o w i n g   e x a m p l e   i l l u s t r a t e s   a  u s e   o f   t h e  

m e t h o d   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   to   p r o d u c e   p l a s m i d  

e n c o d e d   p r o t e i n s   f r o m   g a m m a - i r r a d i a t e d   b a c t e r i a .   T h e  

e x a m p l e   a l s o   i n v e s t i g a t e s   e f f e c t s   o f   gamma  r a y   d o s a g e   o n  

p r o t e i n   e x p r e s s i o n .  

E s c h e r i c h i a   c o l i   HB101  c o n t a i n i n g   t h e   p l a s m i d   c l o n i n g  

v e c t o r   p B R 3 2 5  w a s   c h o s e n   as  t h e   t e s t   o r g a n i s m   f o r   i r r a d i a t i o n .  

P l a s m i d   p B R 3 2 5   c a r r i e d   t h r e e   r e s i s t a n c e   f a c t o r s ,   t o   t e t r a -  

c y c l i n e ,   c h l o r m a p h e n i c a l   and   p e n i c i l l i n .   The  p e n i c i l l i n  

r e s i s t a n c e   i s   m e d i a t e d   by  t h e   p r o d u c t i o n   of   a  P - l a c t a m a s e  

( A - l a c )   e n z y m e ,   w h i c h   i n a c t i v a t e s   p e n i c i l l i n   by  b r e a k i n g  

t h e  β  - l a c t a m   r i n g   o f   t h e   a n t i b i o t i c .   As  β - l a c   i s   p r o d u c e d  

c o n s t i t u t i v e l y   ( i . e .   c o n t i n u a l l y ,   w i t h   no  n e e d   o f   a  s p e c i f i c  

i n d u c e r )   t h e   a m o u n t   of   e n z y m e   p r o d u c e d   s h o u l d   be  d i r e c t l y  

p r o p o r t i o n a l   t o   t h e   g e n e   c o p y   n u m b e r .  

C o n s e q u e n t l y ,   E.  c o l i   HB101  p B R 3 2 5  -   w h i c h   i s   a  r e c A  

c e l l   a n d   s u i t a b l e   to   t h e   gamma  c e l l   t e c h n i q u e  -   was  t e s t e d  

f o r  β  - l a c   a c t i v i t y   a f t e r   v a r y i n g   l e v e l s   o f   g a m m a - i r r a d i a t i o n .  
C e l l   l y s a t e s   w e r e   t e s t e d   r a t h e r   t h a n   w h o l e   c e l l s ,   as  e n z y m e  
a c t i v i t y   c o u l d   be  m a s k e d   by  f a c t o r s   s u c h   as   c e l l   w a l l  

p e r m e a b i l i t y   i f   i n t a c t   c e l l s   w e r e   u s e d .   T h i s   a l s o   p e r m i t s  



e s t i m a t i o n   o f  p - l a c   a t   t h e   t i m e   of   l y s i s   and  e l i m i n a t e s  

t h e   p o s s i b i l i t y   of  g r o w t h   and   c e l l   d i v i s i o n   by  u n t r e a t e d  

b a c t e r i a .  

A c t i v i t y   o f  A - l a c   was  a s s a y e d   by  i n c u b a t i n g   l y s a t e  

w i t h   a  known  a m o u n t   of   s o d i u m   b e n z y l p e n i c i l l i n ,   t h e n  

m e a s u r i n g   t h e   a m o u n t   of.  a c t i v e   p e n i c i l l i n   l e f t   in   t h e   m i x  

by  b i o l o g i c a l   a s s a y .   The  l y s a t e - p e n i c i l l i n   m i x t u r e   w a s  

s e r i a l l y   d i l u t e d   in   b r o t h   and   t h e   p r e s e n c e   of  p e n i c i l l i n  

a s c e r t a i n e d   by  a d d i n g   a  p e n i c i l l i n - s e n s i t i v e   t e s t   o r g a n i s m ,  

M i c r o c o c c u s   l u t e u s ,   to   t h e   v a r i o u s   o r g a n i s m s .   G r o w t h   in   t h e  

t u b e   i n d i c a t e d   t h a t   p e n i c i l l i n   had   b e e n   i n a c t i v a t e d   t o  

b e l o w   t h e   M . I . C .   o f  M .   l u t e u s .  

A l s o   d e t e r m i n e d   was  t h e   c e l l   d e n s i t y   of   t h e   n o r m a l  

and   g a m m a - t r e a t e d   c u l t u r e s   and   t h e   t o t a l   p r o t e i n   c o n c e n -  

t r a t i o n   of   t h e   l y s a t e s .  

E.  c o l i   HB101  pBR325   c e l l s   w e r e   t r e a t e d   as  p e r   t h e  

gamma  t e c h n i q u e   f o r   1,  2,  5,  15  and  30  m i n u t e s   a t   a  d o s e  

r a t e   o f   0 . 4 2   k G y / h r .   C o n t r o l s   i n c l u d e d   an  E.  c o l i   J 5 - 3  

c u l t u r e   c o n t a i n i n g   n o  β - l a c t a m a s e   g e n e s .   L y s a t e s   w e r e  

p r e p a r e d   by  c e n t r i f u g i n g   10  mls   of   c u l t u r e ,   r e s u s p e n d i n g   t h e  

c e l l   p e l l e t   in   3  ml  of  s t e r i l e   s a l i n e ,   a d d i n g   l y s o z y m e   t o  

0 .1   µg   m l -   a n d   t h e n   s o n i c a t i n g .  

The  a s s a y   was  c o n d u c t e d   as  f o l l o w s :  

l y s a t e s   w e r e   m i x e d   w i t h   p e n i c i l l i n   s o l u t i o n s ,   i n c u b a t e d ,   a n d  

t h e   l y s a t e / p e n i c i l l i n   mix   c h l o r o f o r m   e x t r a c t e d   t h e n   s e r i a l l y  
d i l u t e d   i n   n u t r i e n t   b r o t h .   The  s e n s i t i v e   M.  l u t e u s   was  t h e n  

a d d e d   to   e a c h   b r o t h .   The  p e n i c i l l i n   s o l u t i o n s   w e r e   d i l u t e d  

i n   b r o t h   b e f o r e   t h e   a d d i t i o n   of   f i l t e r   s t e r i l i z e d   l y s a t e  



and   t h e   i n c u b a t i o n   s t e p .  

D e t a i l e d   m e t h o d s   a r e   s e t   o u t   b e l o w .  

1.  E.  C o l i   HB101  c o n t a i n i n g   pBR325  was  g rown   f o r   90 

m i n u t e s   t o   l og   p h a s e   and  1 / 1 0   d i l u t e d   c u l t u r e   i n c u b a t e d   w i t h  

25  m i c r o g r a m   p e r   l i t e r ,   C h l o r a m p h e n i c o l   a l l   in  n u t r i e n t   b r o t h  

(NB) .   The  c e l l s   w e r e   t r e a t e d   w i t h   g a m m a - i r r a d i a t i o n   a t   . 4 2  

kGy  p e r   h o u r   f o r   1,  2,  5,  15  and   30  m i n u t e s .   The  c u l t u r e s  

w e r e   k e p t   in  t h e   d a r k   and  p u t   on  a  s h a k e r   f o r   2  hr   a t  

3 7 ° C ,   2  ml  of   NB  w i t h   2000  µg  m l - 1   f r e s h   D - c y c l o s e r i n e   w a s  

t h e n   a d d e d .   The  c u l t u r e   was  l e f t   o v e r n i g h t   a t   37°C  w i t h  

s h a k i n g .  

U n t r e a t e d   E.  c o l i   HB101  c e l l s   w i t h   pBR325  a n d  

E.  c o l i   J 5 - 3   w e r e   l o g   p h a s e   90 '   c u l t u r e s   o f   1 / 1 0   d i l u t e d  

o v e r n i g h t   c u l t u r e s .  

2.  C e l l s   w e r e   c e n t r i f u g e d   and   r e s u s p e n d e d   in  3  m l  

s t e r i l e   s a l i n e .   O p t i c a l   d e n s i t y   m e a s u r e m e n t s   w e r e   t a k e n   a t  

560  nm  and  600  n m .  

3.  To  a l l   c u l t u r e s   was  a d d e d   l y s o z y m e ,   30  µl  of  10  

m g . m l  .   T h i s   was  to   w e a k e n   r a t h e r   t h a n   b r e a k   t h e   c e l l   w a l l s .  

E a c h   c u l t u r e   was  t h e n   l y s e d   by  a  30  s e c o n d   b u r s t   ( s e t t i n g   3 ,  

h i g h   p o w e r ,   4  m i c r o n s )   of   an  u l t r a s o n i c   d i s i n t e g r a t o r .   T h i s  

was  d o n e   on  i c e   and  t h e   l y s a t e   i m m e d i a t e l y   p a c k e d   in   i c e .  

4.  50  µl  l y s a t e   was  a d d e d   t o   600  µl  o f   1000  u n i t s  

and   200  u n i t s   m l - 1   s o d i u m   b e n z y l p e n i c i l l i n .   T h i s   was  l e f t   f o r  

one   h o u r   a t   3 7 ° C .  

5.  The  m i x t u r e   was  t h e n   e x t r a c t e d   w i t h   500  µl  o f  

c h l o r o f o r m ,   v o r t e x i n g   o n c e   e v e r y   2  m i n u t e s   f o r   10  m i n u t e s .  

( S o d i u m   b e n z y l p e n i c i l l i n   i s   o n l y   s p a r i n g l y   s o l u b l e   i n  

c h l o r o f o r m . )   C h l o r o f o r m   was  s e p a r a t e d   by  c e n t r i f u g a t i o n ,  

and   t h e   a q u e o u s   p h a s e   r e m o v e d   and   l e f t   a t   68°C  f o r   1 0 '  



t o   d i s t i l . o u t   r e s i d u a l   c h l o r o f o r m .  

6.  P e n i c i l l i n   was  d i l u t e d   f rom  400  u n i t s   m l - 1  

t h r o u g h   10  d o u b l i n g   d i l u t i o n s   in   NB  and  10  µl  of   s t e r i l e  

l y s a t e   was  a d d e d   to  1  ml  of  e a c h   d i l u t i o n .   T h i s   was  i n c u b a t e d  

one  h o u r   a t   37°C,   f o l l o w e d   by  10 '   a t   68°C ,   a f t e r   w h i c h  

30  µl  of   M.  l u t e u s   in  b r o t h   c u l t u r e   a d d e d   to   e a c h   d i l u t i o n .  

7.  T u b e s   were   i n c u b a t e d   o v e r n i g h t   a t   37°C  w i t h   s h a k i n g ,  

and  g r o w t h   r e c o r d e d   in  t h e   m o r n i n g .   Where   g r o w t h   d i d   o c c u r ,  

s t r e a k s   of   t h e   c u l t u r e   on  n u t r i e n t   a g a r   w e r e   p e r f o r m e d   t o  

c o n f i r m   t h a t   t h e   o r g a n i s m   was  M.  l u t e u s .  

8.  E l e c t r o p h o r e s i s   was  in   a  15%  d i s c o n t i n u o u s   p o l y -  

a c r y l a m i d e   g e l   f o l l o w i n g   t h e   m e t h o d   of   L a e m m l i .  

The  r e s u l t s   of  t h e   a s s a y   a r e   s e t   o u t   in   T a b l e   1 .  

I t   i s   c l e a r   f rom  T a b l e   1  t h a t   t h e   g r e a t e s t   β - l a c   a c t i v i t y  

of  t h e   g a m m a - i r r a d i a t e d   c e l l s   was  in  t h e   c u l t u r e   g i v e n   a  5 

m i n u t e   d o s e .   A c t i v i t y   p e r   c e l l   in  t h i s   c u l t u r e   was  in   t h e  

r a n g e   o f   15-30%  of  an  u n t r e a t e d   c u l t u r e ,   a d j u s t i n g   f o r   c e l l  

n u m b e r s   by  u s i n g   a b s o r p t i o n   to   e s t i m a t e   c e l l   d e n s i t y   ( T a b l e   2 ) .  

E x a m i n a t i o n   of  T o t a l   P r o t e i n s  

T o t a l   p r o t e i n   c o n c e n t r a t i o n   of  f i l t e r e d   c e l l   l y s a t e s  

was  e s t i m a t e d   by  t h e   Lowry  m e t h o d .   T h e r e   was  l i t t l e   v a r i a t i o n  

b e t w e e n   any   of   t h e   l y s a t e s   ( T a b l e   3 ) .   H o w e v e r ,   t h e   L o w r y  

m e t h o d   w i l l   no t   d i s c r i m i n a t e   b e t w e e n   f u n c t i o n a l ,   i n t a c t  

p r o t e i n s   and  p r o t e i n   d e g r a d a t i o n   p r o d u c t s   s u c h   as  p o l y - o l i g o -  

p e p t i d e s .  

T h a t   t h e   p l a s m i d   c o d e d   p r o t e i n s   a r e   t h e   o n l y   n e w  

p r o t e i n s   b e i n g   p r o d u c e d   in   g a m m a - m a x i   c e l l s   i s   i l l u s t r a t e d  

in  F i g .   3.  Here   c e l l s   t h a t   h a v e   r e c e i v e d   a  30  m i n u t e   d o s e  

a t   0 . 4 5   k G y / h r  h a v e   been   u s e d   to   e x a m i n e   new  p r o t e i n  

s y n t h e s i s .   The  c e l l s   u s e d   a r e   E.  c o l i   HB101  c o n t a i n i n g  



p l a s m i d   p B R 3 2 2 ,   w h i c h   in   i t s e l f   has   a  c l o n e d   i n s e r t   o f   5 . 2  

kb  p a i r s   of   DNA  in  t h e   H i n d I I I   s i t e .   Coded   on  t h i s   F i g u r e  

a r e   β - l a c t a m a s e   1,  two  c r y p t i c   p o l y p e p t i d e s   2  and  o r g a n o m e r -  

c u r i a l   l y a s e   3 .  

A f t e r   gamma  m a x i - c e l l   t r e a t m e n t   new  p r o t e i n s   h a v e  

b e e n   l a b e l l e d   by  t h e   a d d i t i o n   of   3 5 S - m e t h i o n i n e   t o   t h e   m e d i u m .  

O n l y   p r o t e i n s   s y n t h e s i z e d   a f t e r   a d d i t i o n   of  t h e   m e t h i o h i n e   w i l l  

be  r a d i o a c t i v e l y   l a b e l l e d .   C e l l s   w e r e   t h e n   l y s e d   and  t h e  

l y s a t e   a p p l i e d   t o   a  p o l y a c r y l a m i d e   g e l .   As  can   be  s e e n   f r o m  

F i g u r e   1,  o n l y   t h e   d e s i g n a t e d   p l a s m i d - c o d e d   p r o t e i n s   h a v e  

b e e n   s y n t h e s i z e d   in   t h e   g a m m a - t r e a t e d   c e l l s .  

C o m m e n t s  

L e v e l s   of   β - l a c   in   E.  c o l i   HB101  pBR325  a r e   d e p r e s s e d  

a f t e r   g a m m a - m a x i - c e l l   t r e a t m e n t .   T h i s   i s   n o t   s u r p r i s i n g ,   a s  

r a d i a t i o n   w i l l   p r o b a b l y   a f f e c t   t h e   p l a s m i d s   to   a  s l i g h t  

d e g r e e   as   w e l l   as  t h e   c h r o m o s o m a l   DNA.  What  may  c o m p e n s a t e  

f o r   t h i s   i s   an  i n c r e a s e   in   p l a s m i d   copy   n u m b e r   in   t r e a t e d  

c e l l s .  

On  a  p e r   c e l l   b a s i s   t h e   g r e a t e s t   l e v e l   of   a c t i v e  

β - l a c   f o u n d   i n   a  g a m m a - t r e a t e d   c e l l   was  b e t w e e n   15-30%  of   a n  

u n t r e a t e d   c e l l .  









1.  A  m e t h o d   f o r   p r e p a r i n g   c e l l s   e n r i c h e d   in   p l a s m i d  

DNA,  o r   e x p r e s s i o n   p r o d u c t s   t h e r e o f ,   s u b s t a n t i a l l y   f r e e   o f  

c h r o m o s o m a l   DNA  w h i c h   m e t h o d   c o m p r i s e s  

(a)  p r o v i d i n g   a  p l a s m i d   D N A - c o n t a i n i n g  

o r g a n i s m ,   a n d  

(b)  e x p o s i n g   t h e   o r g a n i s m   t o   an  e f f e c t i v e  

d o s e   of   i o n i z i n g   r a d i a t i o n .  

2.  A  m e t h o d   a c c o r d i n g   t o   c l a i m   1  w h e r e i n   s t e p   i s   s u c h  

t h a t   n o n - d i v i d i n g   c e l l s   w h i c h   can   s u s t a i n   t h e   m u l t i p l i c a t i o n  

of   p l a s m i d s   a r e   p r o d u c e d .  

3.  A  m e t h o d   a c c o r d i n g   t o   c l a i m   1  or   2  w h e r e i n   t h e  

p l a s m i d   D N A - c o n t a i n i n g   o r g a n i s m   i s   s e l e c t e d   f r o m   m i c r o - o r g a n i c ,  

f u n g a l ,   p l a n t   and  a n i m a l   c e l l s .  

4.  A  m e t h o d   a c c o r d i n g   to   c l a i m s   1,  2  or   3  w h e r e i n   t h e  

c e l l s   a r e   p r e s e n t   in   a  p a c k e d   c e l l   f o r m .  

5.  A  m e t h o d   a c c o r d i n g   t o   c l a i m   3  or  4  w h e r e i n   t h e  

p l a s m i d   D N A - c o n t a i n i n g   o r g a n i s m   c o m p r i s e s   b a c t e r i a l   c e l l s .  

6.  A  m e t h o d   a c c o r d i n g   to   c l a i m   5  w h e r e i n   t h e   b a c t e r i a l  

c e l l s   a r e   r e p a i r   a n d / o r   r e c o m b i n a t i o n - d e f i c i e n t   b a c t e r i a .  

7.  A  m e t h o d   a c c o r d i n g   to   c l a i m   6  w h e r e i n   t h e   r e c A  

b a c t e r i a   of   r e c A   m u t a n t s   o f   E.  c o l i .  

8.  A  m e t h o d   a c c o r d i n g   t o   a n y  o n e   of   t h e   p r e c e d i n g   c l a i m s  

w h e r e i n   t h e   b a c t e r i a   a r e   e x p o s e d   t o   a p p r o x i m a t e l y   0 .4  to   0 . 5  

k G y / h r   o f   g a m m a - i r r a d i a t i o n   f o r   f r o m   a p p r o x i m a t e l y   1  to   30  m i n s .  

9.  A  m e t h o d   a c c o r d i n g   to   a n y  o n e   of   t h e   p r e c e d i n g  

c l a i m s   f u r t h e r   c o m p r i s i n g  

( a ' )   s u b j e c t i n g   t h e   p l a s m i d   D N A - c o n t a i n i n g   o r g a n i s m  

to   a  p l a s m i d   y i e l d   i n c r e a s i n g   t r e a t m e n t   p r i o r  

to  i r r a d i a t i o n .  



10.   A  m e t h o d   a c c o r d i n g   to   c l a i m   9  w h e r e i n   t h e   p l a s m i d  

y i e l d - i n c r e a s i n g   t r e a t m e n t   c o m p r i s e   t r e a t i n g   t h e   o r g a n i s m  

w i t h   a t   l e a s t   one   a n t i b i o t i c   s e l e c t e d   to   e n h a n c e   t h e   c o p y  

n u m b e r   of  t h e   p l a s m i d .  

11.  A  m e t h o d   of  p r e p a r i n g   c e l l s   e n r i c h e d   in  p l a s m i d  

DNA,  and  e x p r e s s i o n   p r o d u c t s   t h e r e o f ,   s u b s t a n t i a l l y   f r e e   o f  

c h r o m o s o m a l   DNA  w h i c h   m e t h o d   c o m p r i s e s  

(a)  p r o v i d i n g   a  r e p a i r   a n d / o r   r e c o m b i n a t i o n -  

d e f i c i e n t   s t r a i n   of  b a c t e r i a ,  

(b)  s u b j e c t i n g   t h e   r e p a i r   a n d / o r   r e c o m b i n a t i o n -  

d e f i c i e n t   b a c t e r i a  ' t o   a  p l a s m i d   y i e l d -  

i n c r e a s i n g   t r e a t m e n t ,   a n d  

(c)  e x p o s i n g   t h e   t r e a t e d   b a c t e r i a   to   a p p r o x i -  

m a t e l y   0 .4   to   0 .5   k G y / h r   of  g a m m a -  

i r r a d i a t i o n   f o r   f rom  a p p r o x i m a t e l y   1  t o  

30  m i n u t e s .  

12.  A  m e t h o d   a c c o r d i n g   to  c l a i m   11  w h e r e i n   t h e   p l a s m i d  

y i e l d - i n c r e a s i n g   t r e a t m e n t   c o m p r i s e   t r e a t i n g   t h e   r e c A  

b a c t e r i a   w i t h   a t   l e a s t   one  a n t i b i o t i c   s e l e c t e d   to   e n h a n c e   t h e  

copy   n u m b e r   of   t h e   p l a s m i d .  

13.  A  m e t h o d   of  p r e p a r i n g   p l a s m i d   DNA  and  e x p r e s s i o n  

p r o d u c t s   t h e r e o f ,   s u b s t a n t i a l l y   f r e e   of  c h r o m o s o m a l   DNA,  w h i c h  

m e t h o d   c o m p r i s e s  

(a)  p r o v i d i n g   a  c e l l - c o n t a i n i n g   o r g a n i s m ,  

(b)  c h e m i c a l l y   t r e a t i n g   the   c e l l s   to   d e g r a d e  

or  a s s i s t   in   t h e   d e g r a d a t i o n   of   t h e  

c h r o m o s o m a l   DNA  of  t he   c e l l s ,  

(c)  s u b j e c t i n g   t h e   c e l l s   to  a  p l a s m i d   y i e l d -  

i n c r e a s i n g   t r e a t m e n t   a n d  

(d)  e x p o s i n g   t h e   t r e a t e d   c e l l s   to   a p p r o x i m a t e l y  



0 . 4   to   0 . 5   kGy  p e r   h o u r   f o r   f r o m  

a p p r o x i m a t e l y   1  to   30  m i n u t e s   o f  

g a m m a - i r r a d i a t i o n .  

14 .   A  m e t h o d   a c c o r d i n g   to   c l a i m   13  w h e r e i n   t h e   p l a s m i d  

y i e l d - i n c r e a s i n g   t r e a t m e n t   c o m p r i s e s   t r e a t i n g   t h e   c e l l s   w i t h  

a t   l e a s t   one  a n t i b i o t i c   s e l e c t e d   to   e n h a n c e   t h e   copy   n u m b e r  

o f   t h e   p l a s m i d .  

15.   A  m e t h o d   o f   s y n t h e s i z i n g   e x p r e s s i o n   p r o d u c t s   o f  

p l a s m i d   DNA  w h i c h   m e t h o d   c o m p r i s e s  

( a )   p r o v i d i n g  

( i )   a  DNA  f r a g m e n t   e n c o d i n g   d e s i r a b l e  

c h a r a c t e r i s t i c s ,   a n d  

( i i )   an  o r g a n i s m   c o n t a i n i n g   a  p l a s m i d ,  

(b)   c l o n i n g   t h e   DNA  f r a g m e n t   i n t o   t h e   p l a s m i d ,  

( c )   t r a n s f o r m i n g   or   t r a n s f e c t i n g   a  r e c i p i e n t   o r g a n i s m  

w i t h   t h e   r e c o m b i n a n t   p l a s m i d ,  

(d )   e x p o s i n g   t h e   o r g a n i s m   c o n t a i n i n g   t h e  

p l a s m i d   to   an  e f f e c t i v e   d o s e   o f   i o n i z i n g  

r a d i a t i o n   s u c h   t h a t   n o n - d i v i d i n g   c e l l s  

w h i c h   a r e   s u b s t a n t i a l l y   f r e e   o f   c h r o m o s o m a l  

DNA  and   c a n   s u s t a i n   t h e   m u l t i p l i c a t i o n   o f  

p l a s m i d s   a r e   p r o d u c e d ,   a n d  

( e )   m a i n t a i n i n g   t h e   p r o c e s s e d   c e l l s   i n   a  s u i t a b l e  

n u t r i e n t   m e d i u m .  

16.   A  m e t h o d   a c c o r d i n g   to   c l a i m   15  f u r t h e r   c o m p r i s i n g  

( c ' )   g r o w i n g   t h e   p l a s m i d - c o n t a i n i n g   c e l l s   to   a  

d e s i r e d   c o n c e n t r a t i o n .  

17 .   A  m e t h o d   a c c o r d i n g   to   c l a i m   15  o r   16  w h e r e i n   t h e  

o r g a n i s m   i s   a  r e p a i r   a n d / o r   r e c o m b i n a t i o n - d e f i c i e n t   s t r a i n   o f  

b a c t e r i a .  

18 .   A  m e t h o d   a c c o r d i n g   to   c l a i m   17  w h e r e i n   t h e   b a c t e r i a  

i s   a  r e c A   s t r a i n   o f   E.  c o l i .  



19.   A  m e t h o d   a c c o r d i n g   to   a n y  o n e   of  c l a i m s   15  to  18  

w h e r e i n   t h e   c e l l s   a r e   p r e s e n t   in  a  p a c k e d   c e l l   f o r m .  

20.   A  m e t h o d   a c c o r d i n g   to   a n y  o n e   of   c l a i m s   13  to   16  

w h e r e i n   t h e   o r g a n i s m   i s   e x p o s e d   to   a p p r o x i m a t e l y   0 .4   to   0 . 5  

k G y / h r   of  g a m m a - i r r a d i a t i o n   f o r   f r o m   a p p r o x i m a t e l y   1  to   30 

m i n u t e s .  

21.   A  m e t h o d   a c c o r d i n g   to   a n y  o n e   of  c l a i m s   15  to   20  

w h e r e i n   t h e   e x p r e s s i o n   p r o d u c t s   a r e   s e l e c t e d   f r o m   RNA  o r  

e x p r e s s e d   p r o t e i n s .  

22.   A  m e t h o d   a c c o r d i n g   to   c l a i m   21  w h e r e i n   t h e   p r o d u c t s  

a r e   b i o l o g i c a l l y   a c t i v e   m o l e c u l e s   h a v i n g   a n t i b i o t i c ,   a n t i -  

v i r a l ,   h o r m o n a l   or  e n z y m a t i c   a c t i v i t y ,   or  any  o t h e r   u s e f u l  

p h y s i o l o g i c a l   or  b i o l o g i c a l   a c t i v i t y .  

23.   A  m e t h o d   f o r   p r e p a r i n g   c e l l s   e n r i c h e d   w i t h   p l a s m i d  

DNA,  or   e x p r e s s i o n   p r o d u c t s   t h e r e o f   s u b s t a n t i a l l y   as  h e r e i n -  

b e f o r e   d e s c r i b e d   w i t h   r e f e r e n c e   to   e x a m p l e   1  or   2 .  

24.   C e l l s   e n r i c h e d   in   p l a s m i d   DNA,  or  e x p r e s s i o n   p r o d u c t s  

t h e r e o f   when  p r e p a r e d   by  a  m e t h o d   a c c o r d i n g   t o   a n y  o n e   of  t h e  

p r e c e d i n g   c l a i m s .  
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